




5 ,  A ccrrttal system shmXd be developed t o  provide feedback i.nfc#matfon 

eo twmagw3ent ODI the completion of submdiaate actgvities 9s well 

as pxabkems which may adversely impact the merall schedule. ?.f 

as quickly as pessik1.e so that correctiwe action may be Iraken te 

avert sczheduLe slippage. 1 

&tjor Phasing of the Apollo ?rogram 

Au exampla of phase L'efinitim in project management can be found 

in the broad definitims of program phasing developed for the A p ~ l . f o  

Prcgram, The seven major phases are as f5Llms: 2 

8 ,  'Tlevelopment of the Uprated Saturn X launch vehicle and the 

Apolfo Spacecraft command ami service modules (CSPI). 

b, Uumnned €lights for development sf the S a t u r n  V launch vehicle ttnd 

verification of tk adequacy of the wmoland module during return 

through the earth's atmosphere at the speed of taturn from the m o o n .  

c.. Development of the lunar module (I&!.), through unmanned flights in 

earth orbit, boosted by the Uprated Saturn I launch vehicle, 

d ,  $lanned earth-orbital flights o f  she ApolSo spacecraft CSII i n  earth 

orbit, boosted by the Uprated Saturn I 18uneh vehicle, tttb verify 

crew operations f a  m i s s i a n  durations up t a  ten days.. 
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e. Manned earth-orbital f l ights  of the Apollo spacecraft CSM, boosted 

by the Saturn  V, t o  verify the  functional capability and operability 

of a l l  elements of the spacecraft system. 

Lunar missian development, through s imulat ims of the total mission 

in ea r th  orbit along the actual t i m e  l h a e  of a lunar m i s s i o n .  

missions employ the fu l ly  configured Apollo-Saturn V f l i g h t  

hardware e 

Lunar missions, including lunar exploration and safe return t o  

earth." 

f. 

These 

g. 

These phases have been accomplished a d  t he  overall project schedule 

has been maintained despi te  problems encountered in the  three primary 

components of the mission; the LM, CSM, and Saturn V launch vehicle. 

Major schedule madifications resulted f r m  the AS-204 spacecraft fire, the 

pogo e f f e c t  encountered in the Saturn V launch vehicle, and d i f f i c u l t i e s  

with the lunar module, 

Decisions made at NASA Headquarters, f i e l d  centers,  and contractor 

cmpanfes overcame these slippages through tntensive efforts t o  solve the 

problems, These decisions, of caurse, resulted in new schedules which 

re f lec ted  the changed conditions. This form of adapttve scheduling is 

another difference between project management scheduling and scheduling 

in t r ad i t i ona l  organizations where schedules are less frequently modified. 

Translation af Major Phases into ~ission Lacnch Dates 

After the major phasing has been accomplished, the next task is t o  

t r ans l a t e  these objeceives i n t o  specif ic  m i s s i o n  objectives, 

each flight is plamed t o  yield specific research results and the scheduling 

That is, 
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€unction at the phase level  (calibrated in years) i s  reduced to m i s s i o n  

schedules (calibrated in months). 

is depicted in Figure I ,  the Apollo Lam& Readiness Working Schedule, 

An example of khis  level of scheduling 

This schedule reveals the projected tining of several missions 

utilizing the Saturn I-B and the Saturn V. The particular scheduXe i n  

Figatre 1 is dated Navcnbcr 20, 1903. It iirdicaees tho launch dates of 

the last &TO Saturn 1-B bamckes (AS 20& and AS 205) which verified the 

operation c f  the CSH in earth o r b i t ,  A?EG schedalcd a c  she fo l lw ing  
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Develqment of Lawch Sct.cdcles 

Althmxgk major prcgram phasing i s  required Is project management, 

the feedback 011. accmp?.isl?ccnt of each phase is insufficient for t.im3-y 

rnanag~mwnt ccntrof, To gc2,Fwe i:!if.s cczirrol. schedules mst be est ab-. 





sad IU must 

out az the Cape eo assure tbat they wil.1 all be r e G y  f c r  sSsackLag at 

chcclced out ae: the fac-irories, delivered eo KSC, and checked 

the proper tlm in the V A B .  

S-11, S-IVB, IU, Ud3 GSN, and lam& escar,e sycCem, 

The stack sequence is 2s fo l f sm:  S-IC,  

This ceqaence fa 

illustrakcd gn Figure 3 ,  ar 

1 and Sarilpn V space velzlclcs. 

exploded diagrm of Both the Upsraced Saturn 

depicted  in Figure 2, e s a p l e  sE thLs ccc;l::,-rec! in fke Apcllo 8 missicn 
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Such work a r m d o  are c m m  in project romcZc3enr e?pecially in 

complex tasks operaking at ehe fringe of the state ot the art. 

Apollo program represents ouch an env$rcrrnenc, 

in NASA with respect t a  these c c n d i t i m s  Leads to t ea  crxr?clusi@ns con- 

cerning scheduling. 

dcveloped as a f l e x i b l e  and dyzamic mmegexient system subject to signif- 

icant change as problem arise. ???is is tn cmtras t  to the relatively 

fixed schedules found in indusd:ry. Sccccd, the scl~edulSng system must 

be designed to guaranzec t h a t  cricical inferreXarionshPps a o n g  activ- 

i t ies  axe esrp?.arcd fu l ly -  

schedilles wMcb relate to single  klnes of scpuc~c ia?  everits sccb as 

a s s a b l y  l i n e  scheduling in mcmufacturisg p l a ~ e s  

ment, f..m7c-~er 

envircnnent in which a schcdrrle sljppagc of me compment in one contractor's 

ascganizaticm caa delay ar2 eneire missicn, 

The 

The ~ ~ ~ a g e n z e ~ t  experience 

First * in project mmagcxrent @ scheduling mast  be 

In industry many e x a m p k s  c a  bc fcusd of 

Io !!VASA project manage- 

the lazgc Ember o€ interrelared ~ c t i v i ~ i e s  create an 

Major Prcjrct >lanagitrent Schedules 

The developen: of l.aunch ~ c h c d u l e s  ini a prcgrzm as cmplex as 

Marshal1 Space FLigilt Center (IGFC) an.d Kennedy Spcce Ccntxr (KSC) as 

we3.L as the nctiv.i--ties of the prime ccntractcrs and s u h c c / n ~ r z ~ ~ t a r s  are 



mllcstcnes , schedule responsibfliiy and i,i)e n u t h c r i i : ~  i:o zncdify schedules 

passes t o  the field ccnter dlPec:rors. These ditectczs, in tunx, ccrmally 

Sctrcdules developed m-d mnaged a’; tIzLs level are associated wiLk 

7 



reflected incl.udir_g system rerraval, modification of hardware, and 

testing. 

to NASA. 

Such schedules reflect those activities which end w i e h  de l ivery  

At: t h i s  point Chey are ifitegrared with the launch schedules. 

The end paint en schedules such as those depicted in Figures 4 and 5 thus 

become the s tart ing  points on lamch schedules as depicted in Figure 2. 

A particular f i e l d  center also establ i shes  project orienred schedules 

for the variety of t e s t s  ccnducted 03 hardware and software, for example, 

the t:est sequence far  a series of spac-eciaft. 

Figures 6 ,  7,  and 8 are represcntakions of schedules for support 

activities. Figure 6 deals w i t h  f bighr crews. Such schedules cover 

a variety cf important a c t i v i t i e s  i n c l u d i n g  crew assignment t o  a mission, 

preparaticn of f l ight:  plans 

pre - f l i g h t  training,  etc ,  External interfaces are also indicated which 

devclogment of the missicn training program, 

impaci; the a c t i v i t i e s  of those responsible  for crews and crew equipment. 

The schedule i n  Figure 7 is  a representation of suppcrt a c t i v i t i e s  

i n  the area af f l i g h t  operatiam. Such schedules Cover the development of 

trajcceGries m i s s i c n  constraints, alternate missicn plarts preparation 

fox- recovery @E the spacecraft, and a variety of f l i g h t  c m t r o l  ac ' i iv i t ies  

i lzcludhg miss-icn simulation. 

Figure 8 is a represencation of a medical rcsetlrch and operations 

schedule. It includes a c t i v i t i e s  such as medical review and appraval of 

f Zight: plam, prepa-rakim of medical nissim rul-es, preparation of 

medkcal, requireaents plans,  znd primstry and backup crew examinations 

The schedules described above regresene C.he level of detail which is 

rctview';10 a ~ ;  t12e field ccnwr  and is sub~nlttect f o r  purposes of schedule 

integraticn a t  t:hc ha0 a d  OPlSF levels, MLYGE~CUS schedules exist at the 

project 'Icve'l covering both hardware and supporting ac'rivit ies  The 



. -  

camon reference po€nt is the Launch scheduEe for  a particular m i s s i o n  

and therefore these m o r e  detailed schedules reflect a strong m i s s i o n  

cnrieneation. 

hardware managers must also plm far ahead t o  assme that hardware for 

which they are respansibk will be available for successive missions, 

Tb.is plannicg ma:y require a lead t i m e  of over two years from structural. 

asscmb1.y rhtcugh checkout 

This is parricularly evfdent in t h e  support scheduling while 
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Although the schedules depicted in Figures 4-8 represent majar 

project mmagrment schedules and are wed by project managers t o  pLan 

and ccntrol their p m j e c t s ,  the actual operational management af hardware 

erid-item requires even more detai led schedules w i t h h  ccmtract(3r's 

planes 

There are a Large number of these contractors scattered through- 

out the United States as i s  depicted in  Figui-e 9 .  

functions 0f the major project management schedules is to coordinate 

the numertjus act ivit ies  a t  these geographically dispersed sites, The 

schedules developed by MSFC, MSC, and KSC represent plans and ccntrol 

systems to provide t h i s  coordination st the ptcject  l e v e l .  

in  turn, provide suppcrking information for dec is icns  concerning the 

launch schedules Ultimately the effective acccmplishent of the launch 

schedules leads to  accomplishment of the major phases of the ApoLIo program. 

One of the important: 

These schedules, 
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Hardwar e End - Item Schedu 3e s 

Within the prime contractcr and subcontractor organizations, 

shcedulcs mast be developed for tlie plaiirring a d  ccrntrol of opetaticns 

which provide prclduc'is and/% services fo-r the Apollo program, 

schedules wizhio NASA tend t.o be project  arcld mission miented, t h e  schedules 

While 

in contraceor plants tead to be crlented tmrard hzrdware end-items This 

is a result: of the W A  policy of Setting cmts8cC:s fer ccmpcnents rather 

than for 8 total lamch vehicle as has been dcne in certaia Department 

of Defense ccntraclss 

In addi t i cn  t.0 &e LN produced by G i - m ~ x m  aid ahe CSM prcduced by 

MorCk hesican Rcrc!cweZ?,, the Sa2urn V launch vehicc:le is prsduced by 

contractors ere dispersed gcogrwphically as i d i c a 6 e d  in FIpre 10. 

Zu some canes a single cm'cractor has p4.ai2i:s Ir. wldelg separated iacaeicms, 

S-1C stage 
S-II stage- 
S-IVB slrczge 
Inu'irumcnf u n i t  
Ground Suppcrt E q u i p . e ~ i  
Guidance cmporcents 
GI- bund c m p u t e r  
Fl and 52 ccglncs 
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It is i:hc rcspcxs ib i l i ty  cf t;hese major cciitractors to manage 

their activities using schedules which S U P P O K ~  Che major project -age- 

~ e n t  schedules. At; MSPC: f c r  e:rrm;ple, HASA pi-ojcct maragera in the ApoLlo 

program were arganized ic?to five key harch~ar e divisions which interfaced 

w i t h  the prim2 contrac'cors as fo l lcvs :  

S-1C Pro jec t  1-fanager 
S-LI Froject Plmager 
s-IVB Pr'3jec.t Manager 
TU Project Nanager 
GSE k c j c c t  Manager 

to Boeing for S-IC stage 
to NAR for S-11 stzige 
to Douglas for S-ZVB stage 
'f.c IBM f o r  'LU 
to GE fear GSE 

Each of thsse prcjeci- man..agers ~ o n i t c r s  the perfomaace c-f his 

respecctve contractcr and thrcugh feedback €rea 'i he cm-t-racf:or determines 

where pzablcms have zciscn or ITBY ai-kse. ' ih is  informati.cn may be important 



schedu3.e~ for the f r i lb rwing:  

NASA project manager is primarily ccicerrred w5ch chc nnet-ir;~ of pro jec t  
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WithfQ khe launch schedules, detailed planning and cmtrol take place 

at the pra$xe manager level t o  assure that the contractors deliver the 

major compcnmts fsr a m i . s s i c a  m time, 

schedules developed f c r  th i s  purpese serve tc coordinate the activities 

02 cm-tractors By cmparing f ie?d center sche.dttles MBSA Headquarters 

cap aXs9 moni%cx m i s s i c a  s t a t u s  acd coozdinace f i e l d  center activities 

to asszzre that a launch date wi1.L be met cn schdu1,c. 

The major project naragement 

GJiChin the coa~xac.tc.~r esgzmiznticns sc.!mhu!.es are developed whbch 

g r w i d u  infcmaticm t o  i:hc f i c l d  centers fcr. the major prcject management: 

schedules Tu.!:ernzl?-y ehe ccz~ractors aiso 6evelcp aperating schedules 

fcr p l a m i n g  and ccntrc7. of y-i'r,ductIan based cn  asseabfies 

a.i;st..ablies > and parts as defined ia the ricrk brcokdctm structure, 

sub- 


